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Nickel and nickel oxide nanocrystals in their pure phase are carefully embellished by a facial method on
oxygen-functionalized multi-walled carbon nanotubes (O-MWCNTs) using nickel nitrate (NN) was effectively
accomplished for the first time by calcining them in hydrogen, nitrogen and air, respectively, at suitable temperatures.
Nickel and nickel oxide nanocrystals impregnated O-MWCNTs were examined for its structure and morphology by
various techniques, such as powder X-ray diffraction, Fourier transform infrared spectroscopy, transmission electron
microscopy and field emission scanning electron microscopy. The nanocrystals on the O-MWCNTs were determined
of 15–20 nm size. Decorated nanocrystals on CNT’s have potential applications in semiconductor industries.
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In the field of nanoscience and nanotechnology carbon
nanotubes (CNTs) are the most wanted materials due
to their extraordinary properties and potential applica-
tions as step forward materials for catalysis, composite
reinforcement materials, microelectronics, energy stor-
age, chemical sensors, etc. [1,2]. Mechanical stiffness,
field emission properties, excellent thermal and elec-
trical conductivity, high aspect ratio, and the cavities
of CNTs fetches them the advantage in their applica-
tions [3-6]. CNTs are chemically inert and insoluble in
the most solvents thus hampering their application
and manipulation in various possible fields. Surface
functionalization of CNTs is one way of overcoming
these difficulties. This method has established a wide
range of applications in the fields of composite mate-
rials, sensors and catalysis [7-10].
By the application of oxidation reagents like HNO3
or a mixture of H2SO4/HNO3 can disjoint the aromatic
ring system of CNTs [11]. As a result carboxylic
(−COOH), carbonyl (−CO) and hydroxylic (−OH) can
be present on the nanotubes as they are required to an-
chor guest species such as metal ions to the CNT* Correspondence: ytprabhusj@gmail.com
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in any medium, provided the original work is p[12,13]. The wetting characteristics and reactivity of
nanotubes are modified thus enriching their properties.
It guides us to the subject of interfacial bonding be-
tween the metal atoms and defective and oxidized
CNTs to ensure excellent mechanical performances for
the CNT-reinforced metal-matrix composites.
The stable CNT–metal structures are potential engin-
eering materials in the areas of CNT devices for differ-
ent spintronics applications and CNT metal-matrix
composites [14-16]. In much energy related applications
like fuel cells, super capacitors, rechargeable batteries
and hydrogen production Ni/CNT nanocomposites have
been considered [17-19]. Production of metal/metal oxide
and CNTcomposites were attempted by many but no uni-
form coating of CNTs were obtained. However some
worked with polymers to assist the process of decorating of
metal/metal oxides [20,21]. For example, Tang et al. [20] re-
ported that Ni decorated MWCNTs were modified with
poly (acrylic acid) for hydrogenation of α, β-unsaturated al-
dehyde. Similarly homogeneous electro-deposition of Ni
nanoparticles on 4-nitroaniline radical monolayer grafted
on MWCNT was reported by Jin et al. [21]. There have
been reports of utilizing stringent conditions such as elec-
trophoretic deposition [22], hydrothermal [23], solvother-
mal [24], chemical vapor deposition [25], microwavean Open Access article distributed under the terms of the Creative Commons
g/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
roperly crited.
Figure 1 XRD patterns of O-MWCNTs.
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metal oxides on CNTs.
CNT based composites with metal/metal oxides like
Ni/NiO have potential applications. Fabrication of new
powdery metal MWCNT composites could be done very
easily thus expanding the horizons of its applications
such as sensors and catalysis. A promising potential ap-
plication has been revealed the improved hardness, ex-
cellent solid lubrication, protection against corrosion,
catalytic performance [27-32]. This is one of most few
methods that could produce fast and firm MWCNTs
decorated with metal and metal oxides. We provide an
easy and fitting method for the preparation of nickel and
nickel oxide nanoparticles well and uniform dispersion
on MWCNTs. Grafting the external surface of
MWCNTs with metal and metal oxide nanoparticles of
nickel we establish an innovative and a low cost alterna-
tive route. For the first time nickel nitrate was used as
precursor to decorate on MWCNTs. The weight per-
centage ratio of nickel nitrate to CNTs, reaction
temperature, impregnation time and atmosphere are se-
lectively restricted to obtain the particle size and homo-
geneous distribution of nickel and nickel oxide particles
on CNTs.Figure 2 XRD patterns of NiO-MWCNTs.2 Methods
2.1 Oxidation of MWCNTs
Oxygen functionalized MWCNTs were produced by the
treatment of MWCNTs with the mixture of concen-
trated H2SO4 and HNO3 with the molar ratio of 3:1
[17,18]. 75 ml of H2SO4 (97%) and 25 ml of conc. HNO3
(65%) were carefully mixed together and added to 1 gm.
of MWCNTs in a round bottomed flask. It was heated
under constant stirring at 50°C for 8 hrs. Then it wasallowed to cool to room temperature. Then an equal
amount of deionized water was added. Now the whole
solution was filtered. The residue was washed 3–4 times
with deionized water and deionized water is added till
neutral pH was attained. The residue is dried. The oxy-
gen functionalized MWCNTs were obtained.2.2 Grafting of nickel nitrate on O-MWCNTs
Now 100 mg of O-MWCNTs were taken and added in
50 ml of toluene and ultra sonicated till good suspen-
sion and dispersion was obtained. In another beaker
77.2 mg of Nickel Nitrate (15 wt% of Ni) was sus-
pended in 30 ml of toluene for 5 min. Now Nickel
Nitrate solution was added to the oxygen functional-
ized MWCNTs toluene solution and kept under stir-
ring for 4 hrs. The whole solution was allowed to be
cooled to room temperature and then filtered, washed
with acetone. Nickel nitrate decorated MWCNTs are
obtained. The obtained powder 20 mg of Nickel
Figure 3 XRD patterns of Ni-MWCNTs.
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at the desired temperatures 300°C for 1 h under a con-
tinuous flow of air. It was dried at room temperature.2.3 Calcination of Nickel Nitrate decorated MWCNTs
In a tubular furnace equipped with quartz tube Nickel
nitrate MWCNTs were calcinated. Nickel Nitrate
MWCNTs were divided into two parts. One part
20 mg of Nickel nitrate MWCNTs were calcined at
400°C for 1 hr. under continuous flow of hydrogen at
a flow rate of 300 μL per min and another part were
calcined for 3 hr. under continuous flow of nitrogen at
a flow rate of 300 μL per min.Figure 4 FTIR spectra of O-MWCNTs.2.4 Glossary
CNTs (Carbon Nano Tubes), MWCNTs (Multi walled
Carbon Nano Tubes), O-MWCNTs (oxygen function-
alized Multi walled Carbon Nano Tubes), NN-
MWCNTs (Nickel Nitrate Multi walled Carbon Nano
Tubes), FTIR (Fourier Transform Infrared Spectros-
copy), SEM (Scanning Electron Microscope) and TEM
(Transmission Electron Microscope).3 Results and discussions
In the Figures 1, 2 and 3 the XRD pattern O-
MWCNTs, NN-MWCNTs along with the calcined
products of NN MWCNTs in hydrogen and Nitrogen
atmosphere are shown. Two distinct diffraction peaks
for graphitic structure at 2θ = 26° and 43° correspond-
ing to the hkl reflections (002) and (100), respectively
are displayed by the O-MWCNTs [33]. These peaks
indicate that the graphite is intact even after the treat-
ment with acids. There is no change in the XRD pat-
tern for the NN impregnated MWCNTs may be due
to the amorphous nature of the impregnated NN.
NiO nanocrystals have three distinct peaks at 2θ =
36.9° 42.8° and 62.3° corrosponding to (111), (200) and
(220) hkl planes on the surface of MWCNTs in the
NiO- MWCNTs which are formed in the presence of
nitrogen at 400°C [21]. Pure Nickel phase if formed
on the surface of MWCNTs when it is treated with
hydrogen at 400cC and the hkl reflections are (111)
and (200) at 2θ = 44.2° and 51.7° [21]. There are no
Figure 5 Schematic illustration of the various steps involved to obtain the final products.
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the composite formation.
The active site of oxygen functionalized MWCNTs
which were anchored by Nickel and Nickel Oxide
Nanoparticles were investigated by FTIR which were
shown in the Figure 4. O–H stretching frequency ori-
ginating by the absorption of water molecules on theFigure 6 FEG-SEM image of Ni-MWCNTs and TEM image
of Ni-MWCNTs.amorphous carbon in the CNTs [34] can be ascribed
to the peak around 3439 cm−1. C = C stretching fre-
quency is assigned to the two peaks 1636 cm−1.
In a schematic representation the mechanism of
nickel and nickel oxide decoration of CNTs is ex-
plained in the Figure 5. Nickel nitrate is impregnated
using hydrogen and nitrogen atmosphere in toluene
solvent. CNT is decorated with the help of nickel
nitrate. The functional groups like COOH, −OH and –
C =C are created from CNTs by treating it with sul-
furic and nitric acid mixture. These groups act as
active sites for metal cations to cling to CNTs in
suitable temperatures.
The structure of MWNCT can be known to be un-
damaged by conducting FEG-SEM and TEM and thus
analyzing the morphology of composites. Nickel nano-
crystals can be uniformly spread over the outer surface
of MWCNTs at 400°c in the presence of hydrogen by
the help of the above stated method and hence forms
Ni-MWCNTs (Figure 6).4 Conclusion
A new method for the synthesis of nickel and nickel
oxide nanoparticles are decorated on MWCNTs using
nickel nitrate for the first time. By calcinations at suit-
able temperatures and atmosphere the metal and metal
oxide carbon nanocomposites were synthesized using
Nickel Nitrate. On the surface of MWCNTs nickel and
nickel oxide are homogeneously dispersed and the par-
ticle size was found to be 10–20 nm. Both the decorated
nanocrystals on CNTs have potential applications in het-
erogeneous catalysis and semiconductor industries.Competing interests
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